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(54) Dielectric element 

(57) A dielectric element employing an oxide-based 
dielectric film capable of suppressing oxidation of an 
electrode or deterioration of film characteristics of the 
oxide-based dielectric film is obtained. This dielectric el- 
ement comprises an insulator film including the oxide- 
based dielectric film (7, 15, 27, 52, 77) and the electrode 
including a first conductor film (8, 12, 13, 25, 28, 50, 53, 
75) containing at least a metal and silicon. The afore- 



mentioned metal includes at least one metal selected 
from a group consisting of lr, Pt, Ru, Re, Ni, Co and Mo. 
Thus, the aforementioned first conductor film serves as 
a barrier film for stopping diffusion of oxygen. In heat 
treatment for sintering the oxide-based dielectric film, 
therefore, oxygen is effectively inhibited from diffusing 
along grain boundaries of the electrode. Consequently, 
a conductive material located under the electrode can 
be inhibited from oxidation. 
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Descrlpt! n 

[0001] Th present invention relates to a diel ctric el- 
ement, and mor specifically, it relates to a di lectric el- 
ement such as a capacitor element employing an oxide- 
based dielectric film. 

[0002] Deep study is recently made on a ferroelectric 
memory as a nonvolatile memory having a high speed 
and requiring low power consumption. Figs. 29 and 30 
are sectional views showing representative structures 
of conventional ferroelectric memories. 
[0003] In the structure shown in Fig. 29, an isolation 
oxide film 101, a well region 103 for a MOS transistor 
102, a source region 104, a source electrode 105 con- 
nected with the source region 1 04, a gate electrode 1 06, 
a drain region 107 and an interlayer isolation film 114 
are formed on an Si substrate 100. An oxide-based di- 
electric capacitor 113 is connected to the drain region 
107 through a plug 109. 

[0004] In the structure shown in Fig. 30, an isolation 
oxide film 101, a well region 103 for a MOS transistor 
102, a source region 104, a source electrode 105 con- 
nected with the source region 1 04, a gate electrode 1 06, 
a drain region 107, a drain electrode 108 connected with 
the drain region 107 and an interlayer isolation film 114 
are formed on an Si substrate 100. An oxide-based di- 
electric capacitor 1 13 is connected to the gate electrode 
106 through a plug 109. The structure shown in Fig. 30 
is referred to as an FET-type ferroelectric memory. 
[0005] In each of the structures shown in Figs. 29 and 
30, the oxide-based dielectric capacitor 113 is formed 
by a lower electrode 110, an oxide-based dielectric film 

111 and an upper electrode 112. The lower electrode 
110 is connected with the plug 109 made of polycrystal- 
line silicon (poly-Si) or tungsten (W). The oxide-based 
dielectric film 111 of PbZr^i^O^ (PZT) or SrBi 2 Ta 2 0 9 
(SBT) serving as a ferroelectric film is formed on the low- 
er electrode 110. The upper electrode 112 is formed on 
the oxide-based dielectric film 111. In particular, iridium 
(lr), platinum (Pt) or a material containing such a com- 
ponent is widely employed as the material for the lower 
electrode 110. This is because this material has low re- 
activity with the oxide-based dielectric film 111 or excel- 
lent high-temperature resistance. The upper electrode 

112 is also made of a material such as iridium (lr) or 
platinum (Pt), similarly to the lower electrode 110. In 
each of the structures shown in Figs. 29 and 30, the up- 
per electrode 112 is formed by an lr film. 

[0006] Also in a dynamic random access memory 
(DRAM), the capacitor size is recently reduced following 
refinement of cells and hence a capacitor structure em- 
ploying an oxide-based dielectric film of Baxsr^xTiOs 
(BST) or the like having a high dielectric constant is re- 
quired. The capacitor structure of this DRAM is similar 
to that shown in Fig. 29. 

[0007] However, self orientation of !r or Pt is so strong 
that crystal grains exhibit a columnar structure when an- 
nealed. In this case, grain boundaries align in a dir ction 



perpendicular to the substrate. In annealing performed 
in a high-temperature oxygen atmosphere for sintering 
th oxid -based dielectric film forming a capacitor insu- 
lator film, th refor , oxygen diffus s along the grain 
5 boundaries. Thus, poly-Si or W forming an electrode 
such as a plug is oxidized to form an oxide film. Conse- 
quently, the capacitor characteristics are deteriorated or 
bad influence is exerted on preparation of the capacitor 
element. 

w [0008] When the plug 109 is prepared from poly-Si 
and partially oxidized in the element structure shown in 
Fig. 29, for example, a silicon oxide film is formed be- 
tween the lower electrode 110 and the plug 109. In this 
case, the silicon oxide film serves as a capacitor insu- 
lator film and is serially connected to the oxide-based 
dielectric capacitor 113. When capacitors are serially 
connected, a bias applied thereto is divided in inverse 
proportion to the capacitance of each capacitor. The di- 
electric constant of an oxide-based dielectric film is gen- 
erally several 10 to several 100 times that of a silicon 
oxide film, and hence the capacitance of the oxide- 
based dielectric capacitor 113 is increased. 
[0009] Therefore, a bias applied in the state serially 
connecting the oxide-based dielectric capacitor 113 with 
the silicon oxide capacitor is not much divided to the ox- 
ide-based dielectric capacitor 113. In the case of a fer- 
roelectric memory having the oxide-based dielectric film 

111 of a ferroelectric film, for example, its inverted po- 
larization value is reduced to disadvantageous^ deteri- 
orate the memory characteristics. In the case of a DRAM 
having the oxide-based dielectric film 111 of a high die- 
lectric film, its charging quantity is reduced to disadvan- 
tageously deteriorate the memory characteristics. 
[0010] When made of W in place of the aforemen- 
tioned poly-Si in the element structure shown in Fig. 29, 
the plug 1 09 is partially oxidized to form a tungsten oxide 
film. In this case, film separation results from volume ex- 
pansion caused by forming the tungsten oxide film, lead- 
ing to such a problem that it is difficult to prepare a high- 
quality capacitor element. 

[0011] In addition, oxygen diffuses outward from the 
oxide-based dielectric film 111 along the grain bounda- 
ries of lr or Pt forming the lower electrode 110 or the 
upper electrode 112, to disadvantageous^ deteriorate 
the characteristics such as the polarization characteris- 
tic of the oxide-based dielectric film 111 itself. 
[0012] In the element structure shown in Fig. 29, the 
Irfilm forming the upper electrode 112 is inconveniently 
oxidized when the oxide-based dielectric film 111 is an- 
nealed in an oxygen atmosphere to be sintered. Figs. 
31 and 32 are schematic sectional views for illustrating 
problems of the prior art. 

[0013] When the lr film forming the upper electrode 

1 1 2 is oxidized in the annealing performed in the oxygen 
atmosphere for sintering the oxide-based dielectric film 
111 as her inabove describ d, a gigantic hillock (pro- 
jection) 1 12a is r adily formed on th surface of the up- 
per el ctrode 1 1 2, as shown in Fig. 31 or 32. When such 
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a hillock 112a is formed, a pfat line 116a is disadvan- 
tageously disconnected as shown in Fig. 31. Or, an up- 
per wire 118 formed on a plat wire 116b through an 
intertayer isolation film 117 is disadvantageous^ short- 
circuited to th plat wire 116b, as shown in Fig. 32. 
[0014] When oxidized, the I r film forming the upper 
electrode 112 causes compositional change to incon- 
veniently result in stress change of the I r film. Therefore, 
the ferroelectric characteristics also disadvantageous^ 
tend to change. 

[001 5] An object of the present invention is to provide 
a dielectric element having excellent characteristics by 
suppressing oxidation of an electrode. 
[0016] Another object of the present invention is to 
suppress deterioration of the characteristics of an oxide- 
based dielectric film in the aforementioned dielectric el- 
ement. 

[0017] Still another object of the present invention is 
to provide a dielectric element capable of inhibiting the 
surface of an upper electrode from formation of a hillock 
(projection) by suppressing oxidation of the upper elec- 
trode. 

[0018] A further object of the present invention is to 
suppress stress change resulting from compositional 
change of an upper electrode material. 
[0019] A dielectric element according to an aspect of 
the present invention comprises an insulator film includ- 
ing an oxide-based dielectric film and an electrode in- 
cluding a first conductor film containing at least a metal 
and silicon. The aforementioned metal includes at least 
one metal selected from a group consisting of Ir, Pt, Ru, 
Re, Ni, Co and Mo. According to the present invention, 
the dielectric element is a wide concept including not 
only a capacitor element but also another element em- 
ploying a dielectric material. 

[0020] In the dielectric element according to this as- 
pect, the first conductor film serves as a*barrier film for 
stopping diffusion of oxygen due to the aforementioned 
structure. Thus, oxygen can be effectively inhibited from 
diffusing along grain boundaries of the electrode in heat 
treatment for sintering the oxide-based dielectric film. 
Therefore, a conductive material located under the elec- 
trode can be inhibited from oxidation. Thus, deteriora- 
tion of memory characteristics can be suppressed and 
film separation can be prevented in the case of a capac- 
itor element, for example. Consequently, an element 
having excellent characteristics can be formed. 
[0021] In the dielectric element according to the afore- 
mentioned aspect, the first conductor film preferably fur- 
ther contains nitrogen. Thus, the function of the first con- 
ductor film for stopping diffusion of oxygen can be fur- 
ther improved. The metal (M) forming the dielectric ele- 
ment according to the aforementioned aspect hardly 
forms a nitride in general, or is stabilized in a state of 
MxN (x ^ 2) when forming a nitride. When such a metal 
is bonded with silicon (Si) and nitrogen (N), the m tal 
(M) is mor readily bonded with Si than with N while N 
is readily bonded with Si. Therefore, the M-Si-N film con- 



ceivably has a structure obtained by embedding Si-N in 
metal silicide (M-Si). Thus, th M-Si-N film can conceiv- 
ably hav oxyg n diffusion stoppability of the silicon ni- 
tride (Si-N) film and conductivity of th m tal silicide (M- 
5 Si) at the same time. Consequ ntly, the M-Si-N film can 
further improve the function of the first conductor film for 
stopping diffusion of oxygen. 

[0022] In the aforementioned case, the metal forming 
the first conductor film is preferably iridium (Ir). When 

10 iridium is employed as the metal forming the first con- 
ductor film, the first conductor film can serve as the bar- 
rier film for stopping diffusion of oxygen. In this case, the 
first conductor film may be a conductor film containing 
iridium and silicon, or may be a conductor film containing 

is iridium, silicon and nitrogen. The first conductorfilm may 
be formed by a multilayer structure of a conductor film 
containing iridium and silicon and a conductor film con- 
taining iridium, silicon and nitrogen. Thus, the conductor 
film containing iridium, silicon and nitrogen can keep 

20 high oxygen diffusion stoppability while the conductor 
film containing iridium and silicon can form a barrier film 
reduced in resistance. 

[0023] In this case, the conductor film containing irid- 
ium, silicon and nitrogen is preferably arranged on the 

25 side of the oxide-based dielectric film. Thus, the first 
conductor film can more effectively stop diffusion of ox- 
ygen from the oxide-based dielectric film. Therefore, de- 
terioration of the characteristics of the oxide-based die- 
lectric film itself can be suppressed. 

30 [0024] In the aforementioned case, the first conductor 
film is preferably arranged between a conductive mate- 
rial and the insulator film. Thus, the first conductor film 
can effectively inhibit oxygen from diffusing into the con- 
ductive material from the insulating material. In this 

35 case, the conductive material is preferably converted to 
an insulating material when oxidized, and the first con- 
ductor film and the insulator film are preferably succes- 
sively formed on the conductive material. Thus, the first 
conductor film can effectively inhibit oxygen from diffus- 

40 ing into the conductive material from the insulating ma- 
terial, thereby suppressing oxidation of the conductive 
material. In this case, further, the conductive material 
preferably includes either a polycrystalline silicon plug 
or a tungsten plug. When employing a polycrystalline 

45 silicon plug or a tungsten plug as the conductive mate- 
rial, oxidation of the polycrystalline silicon plug or the 
tungsten plug is suppressed. Thus, a generally em- 
ployed technique of forming a polycrystalline silicon or 
tungsten plug can be applied as such with no problem. 

so [0025] The dielectric element according to the afore- 
mentioned aspect preferably further comprises a con- 
ductive crystal film arranged between the first conductor 
film and the insulator film. Thus, the first conductor film 
can stop diffusion of oxygen while the conductive crystal 

55 film can form an insulator film consisting of an oxide- 
based di lectric film having xcell nt characteristics 
such as a polarization characteristic. 
[0026] In this case, the conductlv crystal film is pref- 
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erably a metal film containing at least one metal selected 
from a group consisting of Pt, lr t Ru and Re. Thus, the 
conductive crystal film consisting of th aforemention d 
metal film can form an insulator film consisting of an ox- 
ide-based dielectric film having exc (lent characteristics 
such as a polarization characteristic. In this case, the 
first conductor film preferably contains Pt, silicon and 
nitrogen, and the conductive crystal film is preferably a 
metal film consisting of Pt. Thus, the first conductor film 
containing Pt, silicon and nitrogen can more effectively 
stop diffusion of oxygen while the conductive crystal film 
consisting of the metal film of Pt can form an insulator 
film consisting of an oxide-based dielectric film having 
excellent characteristics such as a polarization charac- 
teristic. 

[0027] In the aforementioned case, the conductive 
crystal film may be a metal oxide film containing at least 
one metal selected from a group consisting of Pt, Ir, Ru 
and Re. Thus, the conductive crystal film consisting of 
the aforementioned metal oxide film can form an insu- 
lator film consisting of an oxide-based dielectric film hav- 
ing excellent characteristics such as a polarization char- 
acteristic. 

[0028] In the dielectric element according to the afore- 
mentioned aspect, the electrode including the first con- 
ductor film is preferably an upper electrode. When so 
formed as to include the first conductor film containing 
at least the metal and silicon having an excellent banner 
property against oxygen diffusion, the upper electrode 
can be effectively inhibited from oxidation. Thus, the sur- 
face of the upper electrode can be inhibited from forma- 
tion of a hillock (projection) resulting from oxidation of 
the upper electrode. Consequently, disconnection of 
wires or short-circuiting across the wires can be sup- 
pressed. Further, the material for the upper electrode 
can be inhibited from compositional change resulting 
from oxidation of the upper electrode. Thus, stress 
change of the upper electrode material can be sup- 
pressed, thereby suppressing change of the element 
characteristics. In this case, the first conductor film pref- 
erably further contains nitrogen. Thus, the function of 
the first conductor film for stopping diffusion of oxygen 
can be further improved. 

[0029] In this case, further, the first conductor film 
preferably contains Ir, silicon and nitrogen. Thus, high 
oxygen diffusion stoppability can be implemented by 
employing the first conductor film containing Ir, silicon 
and nitrogen. Therefore, the first conductor film (upper 
electrode) can be effectively inhibited from oxidation. 
[0030] In the aforementioned case., the upper elec- 
trode preferably includes a plurality of layers, and at 
least the uppermost layer of the upper electrode is pref- 
erably formed by the first conductor film. Thus, oxidation 
of the outermost surface of the upper electrode can be 
suppressed by forming at least the uppermost layer of 
th upper electrode by the first conductor film. In this 
case, the upper electrod ispref rably formed by a mul- 
tilayer structure of the first conductor film, containing Ir, 



silicon and nitrogen, forming th uppermost layer and a 
second conductor film containing Ir. Thus, it is possibl 
to reduce th resistanc of the upper electrod with the 
second conductor film containing Ir whil suppr ssing 

5 oxidation of the upper electrod with the first conductor 
film containing Ir, silicon and nitrogen. 
[0031] A dielectric element according to another as- 
pect of the present invention comprises an insulator film 
including an oxide-based dielectric film and an upper 

10 electrode including a first conductorfilm containing TaN. 
According to this aspect, the upper electrode can be ef- 
fectively inhibited from oxidation when so formed as to 
include the first conductorfilm containing TaN having an 
excellent barrier property against diffusion of oxygen. 

15 Thus, the surface of the upper electrode can be inhibited 
from formation of a hillock (projection) resulting from ox- 
idation of the upper electrode. Consequently, discon- 
nection of wires and short-circuiting across the wires 
can be suppressed. Further, compositional change of 

20 the upper electrode material resulting from oxidation of 
the upper electrode can be suppressed thereby sup- 
pressing stress change of the upper electrode, material. 
[0032] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 

25 come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 
[0033] In the drawings: 

30 Fig. 1 is a sectional view showing the structure of a 
capacitor element according to a first embodiment 
of the present invention; 

Figs. 2 to 5 are characteristic diagrams for illustrat- 
ing effects of the first embodiment of the present 

35 invention; 

Fig. 6 is a sectional view showing the structure of a 
capacitor element according to a first example of a 
second embodiment of the present invention; 
Fig. 7 is a sectional view showing the structure of a 

40 comparative capacitor element to be compared with 
the capacitor element according to the second em- 
bodiment of the present invention; 
Fig. 8 is a sectional view showing the structure of a 
capacitor element according to a second example 

45 of the second embodiment of the present invention; 
Fig. 9 illustrates the polarization hysteresis charac- 
teristics of the capacitor elements shown in Figs. 6 
to 8; 

Fig. 10 is a sectional view showing the structure of 
so an FET-type ferroelectric memory according to a 
first example of a third embodiment of the present 
invention; 

Fig. 11 is a sectional view showing the structure of 
a comparative FET-type ferroelectric memory to be 
55 compared with the FET-type ferroelectric memory 
according to the third embodim nt of the present 
invention; 

Fig. 12 is a sectional view showing the structur of 
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an FET-type ferroelectric memory according to a 
second example of the third embodiment of the 
present invention; 

Fig. 13 illustrates the characteristics of the FET-type 
ferroelectric memory according to the first example 5 
of the third embodiment of the present invention; 
Fig. 14 illustrates the characteristics of the compar- 
ative FET-type ferroelectric memory to be com- 
pared with the FET-type ferroelectric memory ac- 
cording to the third embodiment of the present in- 10 
vention; 

Fig. 15 illustrates the characteristics of the FET-type 
ferroelectric memory according to the second ex- 
ample of the third embodiment of the present inven- 
tion; 15 
Fig. 16 is a sectional view showing the structure of 
a capacitor element according to a fourth embodi- 
ment of the present invention; 
Fig. 17 is a sectional view showing the structure of 
a sample for evaluating oxygen diffusion stoppabil- 20 
ity according to the fourth embodiment of the 
present invention; 

Fig. 1 8 is a characteristic diagram for illustrating an 
effect of the fourth embodiment of the present in- 
vention; 25 
Fig. 19 is a sectional view showing the structure of 
a comparative capacitor element to be compared 
with the capacitor element according to the fourth 
embodiment of the present invention; 
Fig. 20 is a characteristic diagram for illustrating an- 30 
other effect according to the fourth embodiment of 
the present invention; 

Fig. 21 is a sectional view showing the structure of 
another comparative capacitor element to be com- 
pared with the capacitor element according to the 35 
fourth embodiment of the present invention; 
Fig. 22 is a characteristic diagram for illustrating still 
another effect of the fourth embodiment of the 
present invention; 

Fig. 23 is a sectional view showing a ferroelectric 40 
capacitor element according to a fifth embodiment 
of the present invention; 

Fig. 24 is a sectional view showing a comparative 
ferroelectric capacitor element to be compared with 
the ferroelectric capacitor element according to the 45 
fifth embodiment shown in Fig. 23; 
Fig. 25 is a m i crop hotog rap h showing the surface 
of an upper electrode subjected to oxygen anneal- 
ing observed with an SEM (Scanning Electron Mi- 
croscopy) in the ferroelectric capacitor element ac- so 
cording to the fifth embodiment shown in Fig. 23; 
Fig. 26 is a mi crop hotog rap h showing the surface 
of an upper electrode subjected to oxygen anneal- 
ing observed with an SEM in the comparative fer- 
roelectric capacitor element shown in Fig. 24; 55 
Fig. 27 is a diagram for illustrating the characteris- 
tics of the upper electrode according to the fifth em- 
bodiment shown in Fig. 23; 



8 

Fig. 28 is a diagram for illustrating the characteris- 
tics of the comparative upper electrode shown in 
Fig. 24; 

Fig. 29 is a sectional view showing the structure of 
a conventional ferroelectric memory; 
Fig. 30 is a sectional view showing the structure of 
another conventional ferroelectric memory; and 
Figs. 31 and 32 are sectional views for illustrating 
problems of conventional ferroelectric capacitor el- 
ements. 

[0034] Embodiments of the present invention are now 
described with reference to the accompanying draw- 
ings. 

(First Embodiment) 

[0035] Fig. 1 is a sectional view showing the structure 
of a capacitor element according to a first embodiment 
of the present invention. Referring to Fig. 1 , the capac- 
itor element according to the first embodiment is formed 
through the following procedure: First, a doped poly-Si 
film 11 is formed on an Si substrate 10. An IrSi film 12 
or an IrSiN film 1 3 is formed on the poly-Si film 1 1 . There- 
after an Ir film 14 is formed on the IrSi film 12 or the IrSiN 
film 13. A ferroelectric SBT film 15 is formed on the Ir 
film 14 as an oxide-based dielectric film. Then, an Ir film 
1 6 is formed on the SBT film 1 5. Then, annealing is per- 
formed in an oxygen atmosphere for sintering the SBT 
film 15. 

[0036] The poly-Si film 11 is 600 nm, the IrSi film 12 
or the IrSiN film 13 is 100 nm, the Irfilm 14 is 100 nm, 
the SBT film 1 5 is 300 nm and the Ir film 1 6 is 1 00 nm 
in thickness respectively. The Irfilm 16 forms an upper 
electrode. The IrSi film 12 or the IrSiN film 13 and the Ir 
film 14 form a lower electrode. The poly-Si film 11 is an 
electrode material employed as part of the lower elec- 
trode or a plug. 

[0037] In relation to the first embodiment, oxygen dif- 
fusion stoppability of the lower electrode formed by the 
IrSi film 12 or the IrSiN film 13 and the Ir film 14 has 
been investigated. 

[0038] Figs. 2 and 3 show results of element compo- 
sitional ratios obtained by X-ray photoelectron spectros- 
copy (XPS) evaluation along the depth direction in a 
sample having a multilayer structure of Ir film 1 4/lrSi film 
12/poly-Si film 11 similar to that shown in Fig. 1. Fig. 2 
shows results obtained after forming the Ir/lrSi/poly-Si 
multilayer film, and Fig. 3 shows results obtained after 
annealing the sample in an oxygen atmosphere at 
800°C for 40 minutes after forming the Ir/lrSi/poly-Si 
multilayer film. It is understood from the results shown 
in Fig. 3 that oxygen diffusing by oxygen annealing is 
stored on the interface between the Ir film 14 and the 
IrSi film 1 2. It is also understood that the oxygen content 
is reduced in the IrSi film 12. Thus, it is understood that 
the IrSi film 12 stops diffusion of oxygen. The composi- 
tional ratio of the IrSi film 1 2 recognized from the results 
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shown in Fig. 2 was lr:Si = 1 :0.75. 
[0039] Figs. 4 and 5 show results of element compo- 
sitional ratios obtained by XPS evaluation along the 
depth direction in another sample having a multilayer 
structure of Irfilm 14/lrSiN film 13/poly-Si film 11 similar 
to that shown in Fig. 1. Fig. 4 shows results obtained 
after forming the Ir/lrSiN/poly-Si multilayerfilm, and Fig. 
5 shows results obtained after annealing the sample in 
an oxygen atmosphere at 800°C for 40 minutes after 
forming the Ir/lrSiN/poly-Si multilayer film. It is under- 
stood from the results shown in Fig. 5 that oxygen dif- 
fusing by oxygen annealing is slightly stored on the in- 
terface between the Ir film 1 4 and the IrSiN film 1 3. It is 
also understood that the oxygen content is reduced in 
the IrSiN film 13. Thus, it is understood that the IrSiN 
film 13 stops diffusion of oxygen. 
[0040] Comparing the quantities of oxygen stored on 
the interface between the Irfilm 14 and the IrSi film 12 
and the interface between the Ir film 14 and the IrSiN 
film 13, the quantity of oxygen on the latter is smaller 
than that of the former. Thus, it is understood that the 
IrSiN film 13 prepared by adding N to the IrSi film 12 has 
a higher function of stopping diffusion of oxygen than 
the IrSi film 12. The compositional ratio of the IrSiN film 
13 recognized from the results shown in Fig. 4 was Ir: 
Si:N = 1:1.25:0.5. 

[0041] It is understood that the poly-Si film 11 was 
hardly oxidized on the interface between the poly-Si film 
11 and the IrSi film 12 or the IrSiN film 13 in each of the 
samples having the multilayer structures of the Ir film 
14/lrSifilm 12/poly-Si film 11 and the Irfilm 14/lrSiN film 
13/poly-Si film 11. 

[0042] When a high-temperature oxygen annealing 
step is carried out on the structure obtained by succes- 
sively forming the IrSi film 1 2 or the IrSiN film 1 3 and an 
oxide-based dielectric film such as the SBT film 15 on 
a conductive material such as the poly-Si film 11 con- 
verted to an insulating material when oxidized as in the 
first embodiment, the IrSi film 12 or the IrSiN film 13 
serves as a barrier film for stopping diffusion of oxygen. 
Thus, the conductive material such as the poly-Si film 
11 can be inhibited from oxidation. 
[0043] The IrSi film 12 has lower resistance than the 
IrSiN film 13 and hence a barrier film having low resist- 
ance and high oxygen diffusion stoppability can be 
formed with a multilayer film employing the IrSi film 
12/1 rSiN film 13. As another exemplary electrode struc- 
ture according to the first embodiment, the poly-Si film 
1 1 may be replaced with a W film or the Ir films 1 4 and 
1 6 may be replaced with Pt films or metal films contain- 
ing Ir or Pt in general. 

[0044] A second embodiment of the present invention 
is now described. Fig. 6 is a sectional view showing the 
structure of a capacitor element according to a first ex- 
ample of the second embodiment of the present inven- 
tion, and Fig. 7 is a sectional view showing the structure 
of a comparative capacitor element to be compared with 
the capacitor element according to the second embod- 



iment of the present invention. Fig. 8 is a sectional view 
showing the structure of a capacitor element according 
to a second example of the second embodiment of the 
present invention. 
s [0045] The capacitor structure according to the first 
example of the second embodiment shown in Fig. 6 is 
formed through the following procedure: First, a WSi film 
21 is formed on an Si substrate 20. Then, an interlayer 
isolation film 22 is formed. A contact hole 23 is formed 
10 through the interlayer isolation film 22. A doped poly-Si 
plug 24 is formed in the contact hole 23. An IrSiN film 
25 connected with the poly-Si plug 24 is formed, fol- 
lowed by formation of an Ir film 26, A ferroelectric SBT 
film 27 is formed on the Ir film 26 as an oxide-based 
* 5 dielectric film. An Irfilm 29 is formed on the SBT film 27. 
Annealing is performed in an oxygen atmosphere at 
800°C for 40 minutes for sintering the SBT film 27. 
Thereafter the IrSiN film 25, the Ir film 26, the SBT film 
27 and the Ir film 29 are patterned by etching, thereby 
forming a capacitor 30. A hole 31 is formed for bringing 
a probe into contact with the WSi film 21 . 
[0046] The comparative capacitor element structure 
shown in Fig. 7 is prepared by eliminating the IrSiN film 
25 from the capacitor element structure according to the 
first example of the second embodiment shown in Fig, 
6. The capacitor element structure according to the sec- 
ond example of the second embodiment shown in Fig, 
8 is prepared by inserting an IrSiN film 28 between the 
SBT film 27 and the Ir film 29 in the capacitor element 
structure according to the first example of the second 
embodiment shown in Fig. 6. In other words, Fig. 6 
shows the case of applying the IrSiN film 25 for stopping 
diffusion of oxygen to a lower electrode of the capacitor 
30, and Fig. 8 shows the case of applying the IrSiN films 
25 and 28 to lower and upper electrodes of the capacitor 
30 respectively. The comparative capacitor element 
shown in Fig. 7 has no IrSiN films 25 and 28 applied to 
electrodes of the capacitor 30. 
[0047] In each of the capacitor elements shown in 
Figs. 6 to 8, the WSi film 21 is 500 nm and the poly-Si 
plug 24 is 800 nm in thickness respectively. The SBT 
film 27 employed as an oxide-based dielectric film is 300 
nm in thickness. The IrSiN film 25 and the Irfilm 26 form- 
ing the lower electrode in each of the capacitor elements 
according to the second embodiment shown in Figs. 6 
and 8 are 1 00 nm and 200 nm in thickness respectively, 
while the Ir film 26 forming the lower electrode in the 
comparative capacitor element shown in Fig. 7 is 200 
nm in thickness. The Ir film 29 forming the upper elec- 
trode in each of the capacitor elements shown in Figs. 
6 and 7 is 300 nm in thickness, and the IrSiN film 28 and 
the Ir film 29 forming the upper electrode in the capacitor 
element shown in Fig. 8 are 1 00 nm and 200 nm in thick- 
ness respectively. 

[0048] Fig. 9 shows polarization hysteresis character- 
istics of the ferroelectric capacitors shown in Figs. 6 to 
8 respectively. Referring to Fig. 9, the vertical axis 
shows polarization values of ferroelectric substances, 
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and the horizontal axis shows the strength of electric 
fields applied to the capacitors. The capacitor element 
shown in 

[0049] Fig. 6 exhibits a loop (a) in Fig. 9. In this case, 
the hysteresis characteristic exhibits an excellent satu- 
ration characteristic and a value 2Pr (Pr: remanent po- 
larization value) of about 9 u,C/cm 2 
[0050] On the other hand, the comparative capacitor 
element shown in Fig. 7 exhibits a loop (b) in Fig, 9. In 
this case, the hysteresis characteristic exhibits no satu- 
ration characteristic and the value 2Pr thereof remains 
at about 2 u.C/cm 2 . 

[0051] The reason for this is conceivably as follows: 
In the comparative capacitor element structure shown 
in Fig. 7, oxygen diffuses along grain boundaries of the 
Irfilm 26 in annealing performed in an oxygen atmos- 
phere for sintering the SBT film 27, as hereinabove de- 
scribed. Therefore, the surface of the poly-Si plug 24 is 
oxidized to form an Si0 2 film. A capacitor defined by the 
Si0 2 film is serially connected to the capacitor 30 having 
the ferroelectric SBT film 27 as a capacitor insulator film 
and hence no sufficient bias is applied to the capacitor 
30. In the capacitor element structure shown in Fig. 6, 
on the other hand, the IrSiN film 25 stopping diffusion of 
oxygen is inserted between the poly-Si plug 24 and the 
Ir film 26 thereby inhibiting oxygen from diffusing into 
the poly-Si plug 24, whereby an excellent hysteresis 
characteristic is obtained. 

[0052] The capacitor element shown in Fig. 8 exhibits 
a loop (c) in Fig. 9 and has a value 2Pr of about 11 u,C/ 
cm 2 higher than that of the capacitor element shown in 
Fig. 6. The reason for this is conceivably as follows: In 
the capacitor element structure shown in Fig. 6, oxygen 
diffuses from the SBT film 27 into the Ir film 29 in the 
annealing performed in the oxygen atmosphere to 
slightly deteriorate the film characteristics of the SBT 
film 27. In the capacitor element structure shown in Fig. 
8, on the other hand, the IrSiN film 28 inserted between 
the SBT film 27 and the Irfilm 29 stops diffusion of ox- 
ygen from the SBT film 27. Deterioration of the film char- 
acteristics of the SBT film 27 is conceivably therefore 
suppressed. Thus, it is possible to inhibit an oxide- 
based dielectric film such as the SBT film 27 from dete- 
rioration of film characteristics resulting from annealing 
by inserting the IrSiN film 28 according to the present 
invention between a conductive material such as the Ir 
film 29 and the oxide-based dielectric film such as the 
SBT film 27. 

[0053] As shown in the second embodiment, there- 
fore, the inventive oxide-based dielectric capacitor ele- 
ment employing the IrSiN film 25 or 28 serving as a bar- 
rier film for stopping diffusion of oxygen can suppress 
oxidation of a conductive material such as the poly-Si 
plug 24 converted to an insulating material when oxi- 
dized or deterioration of film characteristics of an oxide- 
based dielectric film such as the SBT film 27 in a capac- 
itor forming step. Consequently, excellent capacitor 
characteristics can be obtained. 



[0054] While the IrSiN film 25 or 28 is employed as 
the barrier film for stopping diffusion of oxygen in the 
second embodiment, the barrier film is not restricted to 
this but an IrSt film or an IrSi/lrSiN multilayer film allow- 
5 ing reduction of resistance may alternatively be em- 
ployed. In the aforementioned multilayer film, the IrSiN 
film has higher oxygen diffusion stoppability and hence 
it is possible to effectively stop diffusion of oxygen from 
the oxide-based dielectric film by arranging the IrSiN film 
on the side of the SBT film employed as an oxide-based 
dielectric film. 

[0055] A third embodiment of the present invention is 
now described. The third embodiment relates to an FET- 
type ferroelectric memory having a structure obtained 
by connecting the capacitor element shown in the sec- 
ond embodiment to a gate electrode of a MOS transistor 
through a plug. Fig. 10 is a sectional view showing an 
exemplary structure of a ferroelectric memory according 
to a first example of the third embodiment of the present 
invention, and Fig. 11 is a sectional view showing the 
structure of a comparative ferroelectric memory to be 
compared with the ferroelectric memory according to 
the third embodiment of the present invention. Fig. 12 
is a sectional view showing an exemplary structure of a 
ferroelectric memory according to a second example of 
the third embodiment of the present invention. 
[0056] The ferroelectric memory according to the first 
example of the third embodiment shown in Fig, 10 is 
formed through the following procedure: First, an isola- 
tion oxide film 41 and a well region 43 for a MOS tran- 
sistor 42, a source region 44, a drain region 45 and a 
WSi/poly-Si gate electrode 46 are formed on a silicon 
substrate 40. Thereafter a first interlayer isolation film 
47 is formed. A contact hole 48 is formed on the gate 
electrode 46, followed by formation of a poly-Si plug 49. 
Thereafter an IrSiN film 50 and an Ir film 51 are formed 
on the first interlayer isolation film 47 and the poly-Si 
plug 49. Then, a ferroelectric SBT film 52 is formed on 
the Ir film 51 as an oxide-based dielectric film. 
[0057] An Ir film 54 is formed on the SBT film 52.,An- 
nealing is performed in an oxygen atmosphere at 800*0 ■ 
for 40 minutes for sintering the SBT film 52. Thereafter 
the IrSiN film 50, the Ir film 51 , the SBT film 52 and the 
Ir film 54 are patterned by etching, thereby forming a 
capacitor 55. After forming a second interlayer isolation 
film 56, a contact hole 57 is formed on the Ir film 54 form- 
ing an upper electrode of the capacitor 55. A conductive 
layer 58 is formed to fill up the contact hole 57. 
[0058] Thereafter contact holes 59 and 60 are formed 
on the source region 44 and the drain region 45 respec- 
tively. A source electrode 61 and a drain electrode 62 
are formed to fill up the contact holes 59 and 60 respec- 
tively. The conductive layer 58, the source electrode 61 
and the drain electrode 62 are made of TiN/AI-Si-Cu/ 
TiN/Ti or the like, for example. 

[0059] Operations of the FET-type ferroelectric mem- 
ory according to the first example of the third embodi- 
ment shown in Fig. 10 are now described. First, a suffi- 
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cient positive voltage is applied to the conductive layer 
58 in order to invert polarization of the ferroelectric SBT 
film 52, and thereafter the voltage of the conductive lay- 
er 58 is set to zero again. Thus, the interface between 
the SBT film 52 and the Ir film 54 is negatively charged 
while the interface between the SBT film 52 and the Ir 
film 51 forming a lower electrode is positively changed. 
[0060] In this case, the interface between the Ir film 
51 and the SBT film 52 is negatively charged and the 
interface between the gate electrode 46 and a gate in- 
sulator-film is positively charged. Consequently, an in- 
version layer is formed on a channel region between the 
source region 44 and the drain region 45. Thus, the FET 
enters an ON state although the voltage of the conduc- 
tive layer 58 and that of the Ir film 54 forming the upper 
electrode are zero. 

[0061 ] Then , in order to contrarily invert the polariza- 
tion of the SBT film 52, a sufficient negative voltage is 
applied to the conductive layer 58 and thereafter the 
voltage of the conductive layer 58 is set to zero again. 
Thus, the interface between the SBT film 52 and the Ir 
film 54 is positively charged while the interface between 
the SBT film 52 and the I r film 51 is negatively charged. 
[0062] In this case, the interface between the Ir film 
51 forming the lower electrode and the SBT film 52 is 
positively charged thereby negatively charging the in- 
terface between the gate electrode 46 and the gate in- 
sulator film. Consequently, no inversion layer is formed 
on the channel region between the source region 44 and 
the drain region 45 but the FET enters an OFF state. 
[0063] Thus, when the SBT film 52 forming the ferro- 
electric film is sufficiently inverted in polarization, the 
FET can be selectively turned on or off also after setting 
the voltage applied to the conductive layer 58 as well as 
the Irfilm 54 forming the upper electrode to zero. Thus, 
data "1" and "0" stored in the ferroelectric memory can 
be determined by detecting a source-to-drain current. 
[0064] The comparative ferroelectric memory struc- 
ture shown in Fig. 1 1 is obtained by eliminating the IrSiN 
film 50 from the ferroelectric memory structure accord- 
ing to the first example of the third embodiment shown 
in Fig. 1 0. The ferroelectric memory structure according 
to the second example of the third embodiment shown 
in Fig. 12 is obtained by inserting an IrSiN film 53 be- 
tween the SBT film 52 and the Ir film 54 in the ferroelec- 
tric memory structure according to the first example of 
the third embodiment shown in Fig. 10. 
[0065] in other words, the FET-type ferroelectric 
memory structure shown in Fig. 10 employs the IrSiN 
film 50 for stopping diffusion of oxygen as the lower elec- 
trode of the capacitor 55, while the FET-type ferroelec- 
tric memory structure shown in Fig. 12 employs the IrSiN 
films 50 and 53 as lower and upper electrodes of the 
capacitor 55 respectively. The comparative FET-type 
ferroelectric memory structure shown in Fig. 11 employs 
no IrSiN films 50 and 53 as electrodes of the capacitor 
55. 

[0066] The capacitor element structures according to 



the third embodiment are similar to the three types of 
structures according to the aforementioned second em- 
bodiment. The areas AF and AG of the capacitor 55 and 
a capacitor formed by the gate insulator film (Si0 2 ) are 
5 set in the ratio AF:AG = 1 :20. 

[0067] Figs. 13 to 15 are graphs plotting drain currents 
and voltages (referred to as gate voltages) applied to 
the conductive layers 58 on the vertical and horizontal 
axes respectively. In each graph, source and drain volt- 
10 ages are set to 0 V and 0.1V respectively. The potential 
of the well region 43 is set identical to the source voltage. 
Fig. 1 3 shows the results of the ferroelectric memory ac- 
cording to the first example of the third embodiment 
shown in Fig. 10. In this case, the shift quantity of a 
threshold voltage Vt is about 2,0 V, as shown in Fig. 13. 
Fig. 14 shows the results of the comparative ferroelec- 
tric memory shown in Fig. 11. It is understood that the 
shift quantity of the threshold voltage Vt is only about 
0.5 V in this case, as shown in Fig. 13. Fig. 14 shows 
the results of the ferroelectric memory according to the 
second example of the third embodiment shown in Fig. 
12. The shift quantity of the threshold voltage Vt is fur- 
ther improved to 2.2 V as compared with the ferroelectric 
memory shown in Fig. 10, as shown in Fig. 15. 
[0068] As shown in the third embodiment, therefore, 
a ferroelectric memory having excellent storage charac- 
teristics can be prepared by applying the inventive ox- 
ide-based ferroelectric capacitor element employing the 
IrSiN film 50 or 53 serving as a barrier film for stopping 
diffusion of oxygen. 

[0069] Fig. 1 6 is a sectional view showing a capacitor 
element according to a fourth embodiment of the 
present invention. The capacitor structure according to 
the fourth embodiment shown in Fig. 16 is formed 
through the following procedure: First, an n-type doping 
layer 71 is formed on an Si substrate 70. An interlayer 
isolation film 72 is formed on the n-type doping layer 71 . 
A contact hole 73 is formed through the interlayer isola- 
tion film 72. A poly-Si plug 74 is formed in the contact 
hole 73. A PtSiN barrier film 75 is formed to be connect- 
ed with the poly-Si plug 74. Then, a Pt film 76 is formed 
on the PtSiN barrier film 75. A ferroelectric SBT film 77 
is formed on the Pt film 76 as an oxide-based dielectric 
film. 

[0070] The SBT film 77 is formed by a sol-gel method. 
In this case, the SBT film 77 is prebaked under condi- 
tions of 300°C and five minutes. Thereafter a Pt film 78 
is formed on the SBT film 77. The Pt film 78, the SBT 
film 77, the Ptfilm 76 and the PtSiN film 75 are patterned 
by etching, thereby forming a capacitor 90. Thereafter 
annealing is performed in an oxygen atmosphere at 
800°C for 40 minutes, for sintering the SBT film 77. 
[0071] After forming an interlayer isolation film 79, 
contact holes 80 and 81 are formed on the Pt film 78 
and the n-type doping layer 71 respectively. Electrodes 
82 and 83 are formed in the contact holes 80 and 81 
respectively. The electrodes 82 and 83 are made of TiN/ 
AI-Si-Cu/TiN/Ti or the like, for example. 
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[0072] Fig. 17 is a sectional view showing the struc- 
ture of a sample prepared for investigating oxygen dif- 
fusion stoppability of the PtSiN barrier film 75 according 
to the fourth embodiment. Referring to Fig. 17, a multi- 
layer structure of the PtSiN barrier film 75 and the poly- 
Si film 74 is formed on the Si substrate 70 in this sample. 
The prepared sample was annealed in an oxygen at- 
mosphere at 800°C for 40 minutes, and thereafter an 
element compositional ratio was investigated by RBS 
(Rutherford backscattering spectrometry) along the 
depth of the multilayer structure. Fig. 1 8 shows the ele- 
ment compositional ratio of the multilayer film along the 
depth direction. 

[0073] As shown in Fig. 1 8, the oxygen compositional 
ratio is reduced in the range of depth of about 20 nm 
from the surface in the PtSiN barrierf ilm 75. The oxygen 
compositional ratio is not more than 5.2 %. Thus, it is 
understood that the PtSiN barrier film 75 sufficiently 
stops diffusion of oxygen. 

[0074] Pt forms no nitride, and hence Pt is bonded 
with Si and N is bonded Si when forming PtSiN. There- 
fore, the PtSiN film conceivably has a structure obtained 
by embedding Si-N in Pt-Si. It is conceivable that the 
PtSiN barrier film 75 consequently can have both the 
oxygen diffusion stoppability of a silicon nitride (Si-N) 
film and conductivity of Pt-Si (metal silicide). 
[0075] No oxidization of poly-Si, i.e., no generation of 
an Si02 film is observed on the interface between PtSiN 
and poly-Si due to inhibition of oxygen diffusion by the 
PtSiN barrier film 75. 

[0076] Fig. 19 is a sectional view showing a compar- 
ative capacitor structure prepared to be compared with 
the ferroelectric capacitor structure according to the 
fourth embodiment shown in Fig. 16. The comparative 
ferroelectric capacitor structure shown in Fig. 1 9 is pre- 
pared by eliminating the PtSiN barrier film 75 from the 
ferroelectric capacitor structure according to the fourth 
embodiment shown in Fig. 1 6. In each of the ferroelec- 
tric capacitor structures shown in Figs, 16 and 19, the 
thickness of the SBT film 77 is set to 200 nm. Fig. 20 
shows results of polarization hysteresis characteristics 
of these capacitor structures. 

[0077] Referring to Fig. 20, the vertical and horizontal 
axes show polarization values of the ferroelectric sub- 
stances and voltages applied to the capacitors respec- 
tively. A loop (a) in Fig. 20 shows the characteristics of 
the ferroelectric capacitor according to the fourth em- 
bodiment shown in Fig. 16, and a loop (b) in Fig. 20 
shows the characteristics of the comparative ferroelec- 
tric capacitor shown in Fig. 19. The hysteresis charac- 
teristic of the capacitor structure according to the fourth 
embodiment shown in Fig. 16 exhibits an excellent sat- 
uration characteristic as shown in the loop (a) of Fig. 20, 
and the value 2Pr (Pr: remanent polarization value) 
thereof is about 1 3 u.C/cm 2 On the other hand, the hys- 
teresis characteristic of the comparative capacitor struc- 
ture shown in Fig. 19 exhibits no saturation character- 
istic and the value 2Pr thereof remains at about 2 u,C/ 



cm 2 , as shown in the loop (b) in Fig. 20. 
[0078] The reason for this is conceivably as follows: 
In the comparative capacitor element structure shown 
in Fig. 19, oxygen diffuses along grain boundaries of the 

s Pt film 76 in annealing (at 800°C for 40 minutes) per- 
formed in an oxygen atmosphere for sintering the SBT 
film 77. Therefore, the surface of the poly-Si plug 74 is 
oxidized to form an Si0 2 film. A capacitor formed by this 
Si0 2 film is serially connected to the capacitor 91 having 

10 the ferroelectric S BT film 77 as a capacitor insulator film , 
and hence no sufficient bias is conceivably applied to 
the capacitor 91 . 

[0079] In the capacitor element structure according to 
the fourth embodiment shown in Fig. 16, on the other 

'5 hand, the PtSiN barrier film 75 for stopping diffusion of 
oxygen is inserted between the poly-Si plug 74 and the 
Pt film 76, thereby inhibiting oxygen from diffusing into 
the poly-Si plug 74, Therefore, the poly-Si plug 74 is not 
oxidized but an excellent hysteresis characteristic can 

20 be attained as a result. 

[0080] Therefore, the inventive oxide-based dielectric 
capacitor element employing the PtSiN barrier film 75 
serving as a barrier film for stopping diffusion of oxygen 
can suppress oxidation of a conductor film such as the 

25 poly-Si plug 74 converted to an insulating materialwhen 
oxidized in a capacitor forming step. Consequently, an 
excellent capacitor characteristic can be attained. 
[0081 ] The effect of the Pt film 76, which is a conduc- . 
tive crystal film, inserted between the PtSiN barrier, film v 

30 75 and the SBT film 77 which is an oxide-based dielec- 
tric film is studied in the capacitor element according to 
the fourth embodiment. Fig. 21 is a sectional view show- 
ing a comparative capacitor structure prepared to be 
compared with the ferroelectric capacitor structure ac- 

35 cording to the fourth embodiment shown in Fig. 1 6. The 
comparative structure shown in Fig, 21 is obtained by 
eliminating the Pt film 76 from the ferroelectric capacitor 
according to the fourth embodiment shown in Fig. 1 6. 
[0082] In each of the structure according to the fourth 

40 embodiment shown in Fig. 16 and the comparative 
structure shown in Fig. 21 , the thickness of the SBT film 
77 is set to 200 nm. Fig. 22 shows results of polarization 
hysteresis characteristics of these capacitor structures. 
Referring to Fig. 22, the vertical and horizontal axes 

45 show polarization values of the ferroelectric substances 
and voltages applied to the capacitors respectively. A 
loop (a) in Fig. 22 shows the characteristics of the fer- 
roelectric capacitor according to the fourth embodiment 
shown in Fig. 16, and a loop (b) in Fig. 22 shows the 

so characteristics of the comparative ferroelectric capaci- 
tor shown in Fig. 21. 

[0083] The hysteresis characteristic of the capacitor 
structure according to the fourth embodiment shown in 
Fig. 1 6 exhibits an excellent saturation characteristic as 
55 shown in the loop (a) of Fig. 22, and the value 2Prthere- 
of is about 1 3 u.C/cm 2 On the other hand, the hysteresis 
characteristic of the comparative capacitor structure 
shown in Fig. 21 exhibits no saturation characteristic 
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and the value 2Pr thereof remains at about 1 u,C/cm 2 , 
as shown in the loop (b) in Fig. 22. 
[0084] The reason for this is conceivably as follows: 
When observing the comparative structure shown in 
Fig. 21 by SEM (scanning electron microscopy), the 
SBT film 77 exhibits a considerable quantity of space. 
Thus, this space serves as a capacitor serially connect- 
ed to the capacitor 92 including the SBT film 77 similarly 
to the aforementioned capacitor formed by the Si0 2 film. 
It is conceivable that no sufficient voltage is therefore 
applied to the capacitor 92 including the SBT film 77. 
Such a large quantity of space is formed in the SBT film 
77 conceivably because the initial growth nuclear con- 
centration in crystallization of the SBT film 77 is small 
when forming the oxide-based dielectric film on amor- 
phous PtSiN. In order to increase the initial growth nu- 
clear concentration, it is preferable to form a crystal film 
such as the Pt film 76 and thereafter form the oxide- 
based dielectric film as in the fourth embodiment shown 
in Fig. 16. 

[0085] Therefore, the quality of the SBT film 77 can 
be improved by inserting a conductive crystal film such 
as the Ptfilm 76 between the PtSiN barrierfilm 75 serv- 
ing as a barrier film for stopping diffusion of oxygen and 
the SBT. film 77 of an oxide dielectric material. Conse- 
quently, an excellent capacitor characteristic can be at- 
tained. 

(Fifth Embodiment) 

[0086] Fig. 23 is a sectional view showing a ferroelec- 
tric capacitor element according to a fifth embodiment 
of the present invention. Fig. 24 is a sectional view 
showing a comparative ferroelectric capacitor element 
formed to be compared with the ferroelectric capacitor 
element according to the fifth embodiment shown in Fig. 
23. 

[0087] Referring to Fig. 23, the capacitor element ac- 
cording to the fifth embodiment of the present invention 
is formed through the following procedure: First, a tung- 
sten silicide (WSi) film 2 is formed on an Si substrate 1 . 
After forming an interlayer isolation film 3 on the WSi 
film 2, a contact hole 3a is formed through the interlayer 
isolation film 3. A polycrystalline silicon plug 4 consisting 
of doped polycrystalline silicon is formed in the contact 
hole 3a. 

[0088] An Ir0 2 film 5 is formed to be connected with 
the polycrystalline silicon plug 4, and an Ir film 6 is 
formed thereon. The Ir0 2 film 5 and the Ir film 6 form a 
capacitor lower electrode. An SBT film 7 serving as a 
ferroelectric film is formed on the Ir film 6. An IrSiN film 
8 serving as a capacitor upper electrode is formed on 
the SBT film 7. The Ir0 2 film 5, the Ir film 6, the SBT film 
7 and the IrSiN film 8 are patterned by etching, thereby 
forming a capacitor 9. Thereafter annealing is per- 
formed for crystallizing the SBT film 7. The SBT film 7 
corresponds to the "insulator film" of the present inven- 
tion, and the IrSiN film 8 corresponds to the "first con- 



ductor film" and the "upper electrode" of the present in- 
vention. 

[0089] In other words, the fifth embodiment shown in 
Fig. 23 employs the IrSiN film 8 as the upper electrode 
5 of the ferroelectric capacitor 9. 

[0090] On the other hand, the comparative ferroelec- 
tric capacitor element shown in Fig. 24 employs an Ir 
film 208 in place of the IrSiN film 8 forming the upper 
electrode in the structure of the capacitor element ac- 
10 cording to the fifth embodiment shown in Fig. 23. In other 
words, the comparative ferroelectric capacitor element 
shown in Fig. 24 employs the Ir film 208 as an upper 
electrode of a ferroelectric capacitor 209. The remaining 
structure of the comparative capacitor shown in Fig. 24 
*s is similarto that of the fifth embodiment shown in Fig. 23. 
[0091] In each of the structures shown in Figs. 23 and 
24, annealing is performed in an oxygen atmosphere at 
800°C for 40 minutes in crystallization of the SBT film 7 
serving as a ferroelectric film. 

[0092] Fig. 25 is a microphotograph of the surface of 
the upper electrode subjected to oxygen annealing in 
the structure according to the fifth embodiment shown 
in Fig. 23 observed with an SEM, and Fig. 26 is a mi- 
crophotograph of the surface of the upper electrode sub- 
jected to oxygen annealing in the comparative structure 
shown in Fig. 24 observed with an SEM. It is understood 
that no hillock (projection) is formed when employing the 
IrSiN film 8 according to the fifth embodiment as the up- 
per electrode, as shown in Fig. 25. On the other hand, 
it is understood that hillocks (projections) having heights 
of about 1 |im at the maximum grow when employing 
the comparative Ir film 208 as the upper electrode, as 
shown in Fig. 26. Even when forming an interlayer iso- 
lation film in a thickness of about 500 nm, for example, 
in a later step, therefore, it is difficult to cover up such 
hillocks. In this case, disconnection of wires or short- 
circuiting across the wires is inconveniently caused as 
described with reference to Figs. 31 and 32. 
[0093] Fig. 27 is a characteristic diagram showing re- 
sults of element compositional ratios obtained by RBS 
with respect to an IrSiN (200 nm)/polycrystalline silicon 
(600 nm) film formed on a polycrystalline silicon film un- 
der the same conditions as the upper electrode accord- 
ing to the fifth embodiment shown in Fig. 23 after per- 
forming annealing in an oxygen atmosphere at 800°C 
for 40 minutes. 

[0094] Fig. 28 is a characteristic diagram showing re- 
sults of element compositional ratios obtained by RBS 
with respect to an Ir (1 00 nm)/polycrystalline silicon (600 
nm) film formed on a polycrystalline silicon film under 
the same conditions as the comparative upper electrode 
shown in Fig. 24 after performing annealing in an oxy- 
gen atmosphere at'800°C for 40 minutes. 
[0095] It is understood from Fig. 27 that oxygen hardly 
diffuses into the IrSiN film 8 according to the fifth em- 
bodiment and the IrSiN film 8 is not oxidized. On the 
other hand, it is understood from Fig. 28 that the com- 
parative Ir film 208 entirely contains oxygen and is oxi- 
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dized. Thus, it is conceivable that the hillocks (projec- 
tions) formed in the comparative sample shown in Fig. 
26 are oxides of Ir. 

[0096] Therefore, formation of hillocks (projections) 
can be effectively suppressed by forming the IrSiN film 5 
8 which is a hardly oxidized conductive layer as the up- 
per electrode in the fifth embodiment Thus, the problem 
such as disconnection of wires or short-circuiting across 
the wires resulting from hillocks can be solved. 
[0097] Table 1 shows values of film stress of the IrSiN 10 
film 8 employed in the fifth embodiment shown in Fig. 
23 and the Ir film 208 employed in the comparative sam- 
ple shown in Fig. 24 before and after oxygen annealing. 

Table 1 : 15 



Film Stress Before and After Annealing (unit:Pa) 




Before Annealing 


After Annealing 


IrSiN 


4.94x10 8 


4.29x10 s 


Ir 


3.8x10 9 


6.1x10 7 



[0098] Referring to Table 1 , oxygen annealing is per- 
formed underconditions at 800°Cfor 40 minutes. All val- 
ues in Table 1 show compressive stress. Referring to 25 
Table 1 , it is understood that stress change is not much 
caused before and after oxygen annealing in the IrSiN 
film 8. according to the fifth embodiment. It is also under- 
stood that large stress change is caused before and af- 
ter oxygen annealing in the Ir film 208 according to the 30 
comparative sample. This is conceivably because the 
composition of the Ir film 208 changes following oxida- 
tion of Ir to remarkably change the stress along with for- 
mation of the hillocks. 

[0099] It is known that the characteristics of a ferroe- 35 
lectricfilm vary with stress. This is disclosed in a report 
by Y. Kumagai et al. (Extended Abstracts of the 1999 
International Conference on Sold State Device and Ma- 
terials, pp. 388-389), for example. This literature reports 
that the remanent polarization value Pr and the satura- 40 
tion polarization value Ps of PZT vary with stress. There- 
fore, compositional change resulting from oxidation of 
an upper electrode and following stress change can be 
suppressed by forming a hardly oxidized conductive lay- 
er (the IrSiN film 8) on the surface of the upper electrode 45 
as in the present invention. Thus, stable ferroelectric 
characteristics can be attained thereby improving ho- 
mogeneity of the characteristics of a capacitor element. 
[0100] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 50 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. 

55 

(1 ) While the IrSi film 1 2 or the IrSiN film 1 3, 25, 28, 
50 or 53 is employed as the barrier film for stopping 
diffusion of oxygen in each of the first to third em- 



bodiments, for example, the present invention is not 
restricted to this but effects similar to those of the 
first to third embodiments can be attained also by 
employing a film obtained by adding tungsten (W), 
tantalum (Ta), ruthenium (Ru), rhodium (Rh) or tita- 
nium (Ti) to an IrSi film or an IrSiN film. 

(2) While each of the first to fifth embodiments has 
been described with reference to the ferroelectric 
SBT film 7, 15, 27, 52 or 77 serving as an oxide- 
based dielectric film, the present invention is not re- 
stricted to this but another oxide-based ferroelectric 
film such as a PZT film, for example, may be em- 
ployed. 

(3) While each of the first to fifth embodiments has 
been described with reference to the ferroelectric 
capacitor element, the present invention is not re- 
stricted to this but a capacitor element employing 
an oxide-based paraelectric substance having a 
high dielectric constant is also employable. In other 
words, an oxide-based paraelectric film of BST, for 
example, having a high dielectric constant may be 
employed in place of the ferroelectric SBT film 7, 
15, 27, 52 or 77. 

(4) While each of the second, third and fourth em- 
bodiments employs the poly-Si film 24, 49 or 74 as 
the plug material located under the IrSiN film 25 or 
50 or the PtSiN film 75, the present invention is not 
restricted to this but effects similar to those of the 
aforementioned second to fourth embodiments can 
be attained also when employing W. 

(5) While the third embodiment employs the IrSiN 
film 50 or 53 as the barrier film for stopping diffusion 
of oxygen, the present invention is not restricted to 
this but an IrSi film or an IrSi/lrSiN multilayer film 
allowing reduction of resistance may be employed. 

(6) While the third embodiment has been described 
with reference to the FET-type ferroelectric memo- 
ry, the present invention is not restricted to this but 
similar effects can be attained also in a ferroelectric 
memory connecting a ferroelectric capacitor to a 
drain electrode through a plug. 

(7) While the fourth embodiment employs Pt as the 
metal (M) forming (M)-Si-N, the present invention is 
not restricted to this but similar effects can be at- 
tained also when employing a material such as Ir, 
Ru or Re hardly forming a nitride in place of Pt. Fur- 
ther, similar effects can also be attained with a ma- 
terial forming a nitride but stabilized in a state of 
MxN (x ^ 2). For example, effects similar to those 
of the fourth embodiment can be attained also when 
employing Ni, Co or Mo as the metal (M) forming 
(M)-Si-N. Further, a plurality of such materials may 
be contained as the metal (M). For example, Pt-lr 
may be employed as the metal (M). 

(8) While the Pt film 76 is inserted as a conductive 
crystal film between the PtSiN barrier film 75 and 
the SBT film 77 of an oxide dielectric substance in 
the aforementioned fourth embodiment, the present 
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invention is not restricted to this but similar effects 
can be attained with a metal film of Ir, Ru or Re or 
a metal film at least containing such a metal. For 
example, similar effects can be attained with Pt-lr. 
Further, similar effects can be attained also when 5 
employing an oxide film of Ir, Ru or Re or a metal 
oxide film at least containing such a metal in place 
of the Pt film serving as a conductive crystal film. 
For example, SrRu0 3 or the like is conceivable. 

(9) The present invention is applicable not only to a 10 
capacitor element but also to all elements employ- 
ing dielectric substances. 

(10) While the fifth embodiment employs the IrSiN 
film 8 as the hardly oxidized conductive layer form- 
ing the upper electrode, the present invention is not '5 
restricted to this but similar effects can be attained 
also when employing IrSi, TaN orTaSiN in place of 
IrSiN. Further, oxidation of the upper electrode can 

be effectively suppressed also when employing an 
upper electrode containing a metal including at 20 
least one metal selected from a group consisting of 
Ir, Pt, Ru, Re, Ni, Ta, Co and Mo and silicon. 

(11) While the fifth embodiment employs the IrSiN 
film 8 as the upper electrode, the present invention 

is not restricted to this but a multilayer film of IrSiN/ 25 
Ir or the like may be employed as the upper elec- 
trode. In this case, the uppermost layer of the IrSiN 
film can stop diffusion of oxygen. Thus, the Ir film is 
not oxidized. Further, the Ir film can reduce the re- 
sistance of the upper electrode. In this case, the I rS- 30 
iN film corresponds to the "first conductor film" of 
the present invention, and the Irfilm corresponds to 
the "second conductor film" of the present inven- 
tion. 



said first conductor film is a conductor film (12) 
containing Irand silicon. 

5. The dielectric element according to claim 3, wherein 

said first conductor film is a conductor film (8, 
1 3, 25, 28, 50, 58) containing Ir, silicon and nitrogen. 

6. The dielectric element according to claim 3, wherein 

said first conductor film is formed by a multi- 
layer structure of a conductor film containing Ir and 
silicon and aconductorfilm containing Ir, silicon and 
nitrogen. 

7. The dielectric element according to claim 6, wherein 

said conductor film containing Ir, silicon and 
nitrogen is arranged on the side of said oxide-based 
dielectric film. 

8. The dielectric element according to claim 1 , wherein 

said first conductor film is arranged between 
a conductive material (11 , 24, 49, 74) and said in- 
sulator film. 

9. The dielectric element according to claim 8, wherein 

said conductive material is converted to an in- 
sulating material when oxidized, and 
said first conductor film and said insulator film 
are successively formed on said conductive 
material. 

1 0. The dielectric element according to claim 9, wherein 

said conductive material includes either a 
polycrystalline silicon plug (24, 49, 74) or a tungsten 
plug. 



Claims 

1 . A dielectric element comprising: 

an insulator film including an oxide-based die- 
lectric film (7, 15, 27, 52, 77); and 
an electrode including a first conductor film (8, 
12, 13, 25, 28, 50, 53, 75) containing at least a 
metal and silicon, wherein 
said metal includes at least one metal selected 
from a group consisting of Ir, Pt, Ru, Re, Ni, Co 
and Mo. 

2. The dielectric element according to claim 1 , wherein 

said first conductor film (8, 1 3, 25, 28, 50, 53, 
75) further contains nitrogen. 

3. The dielectric element according to claim 1 , wherein 

said metal forming said first conductor film (8, 
12, 13,25, 28, 50,53) is Ir. 

4. The dielectric element according to claim 3, wherein 



1 1 . The dielectric element according to claim 1 , further 
comprising a conductive crystal film (26, 51 , 76) ar- 
ranged between said first conductor film (25,50, 75) 

40 and said insulator film (27, 52, 77). 

12. The dielectric element according to claim 11 ^here- 
in 

said conductive crystal film is a metal film con- 
45 taining at least one metal selected from a group 
consisting of Pt, Ir, Ru and Re. 

13. The dielectric element according to claim 12, 
wherein 

50 

said first conductor film (75) contains Pt, silicon 
and nitrogen, and 

said conductive crystal film (76) is a metal film 
consisting of Pt. 

55 

14. The dielectric element according to claim 11 .where- 
in 

said conductive crystal film is a metal oxide 
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film containing at least one metal selected from a 
group consisting of Pt, Ir, Ru and Re, 

15. The dielectric element according to claim 1 , wherein 

said electrode including said first conductor 5 
film (8) is an upper electrode. 

16. The dielectric element according to claim 15, 
wherein 

said first conductor film further contains nitro- 10 

gen. 

17. The dielectric element according to claim 16, 
wherein 

said first conductor film contains Ir, silicon and '5 
nitrogen. 

18. The dielectric element according to claim 15, 
wherein 

20 

said upper electrode includes a plurality of lay- 
ers, and 

at least the uppermost layer of said upper elec- 
trode is formed by said first conductor film. 

25 

19. The dielectric element according to claim 18, 
wherein 

said upper electrode is formed by a multilayer 
structure of said first conductor film, containing Ir, 
silicon and nitrogen, forming said uppermost layer 30 
and a second conductor film containing Ir. 

20. A dielectric element comprising: 

an insulator film including an oxide-based die- 35 
lectric film; and 

an upper electrode including a first conductor 
film containing TaN, 

40 



45 



50 
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FIG. 13 
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FIG. 15 
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